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ABSTRACT: 

PURPOSE: To minimize the influence of the shearing force of air 
flowing on 

magnetic disk plate surfaces by maintaining air or inert gaseous 
atmosphere in 

a container for enclosing the magnetic disk plates and magnetic head 
and 

specifying the spacings between the surface of the head opposed to 
the magnetic 

disk plate and the disk plate to a specific value or below according 
to the 
gas . 

CONSTITUTION: The air atmosphere or the inert gaseous atmosphere 
or a mixed 

atmosphere composed thereof is maintained in a container 15 where 
magnetic disk 

plates 11 and magnetic head 16 are enclosed. At least one of the 
spacings of 

the opposite surfaces to the magnetic disk plates is specified so 
that the 
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spacing is the length expressed by the equation or less and to be a 
spacing 

where the magn etic head does not come in to contact j^ith the di sk 
plate the 

spacing betwee n t he surface ofjthe head^ facing the magnetic disk 
plate and the 

disk plate in the region where the magnetic head operates. In the 
equation, M 

denotes the molar fraction of the gas (n) , (t) denotes the spacing 
coefft. of 

the gas, which is specified to air 1.0, helium 1.1, neon 1.7, argon 
1.2, 

krypton 1.4, xenon 1.2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the still more detailed high recording density magnetic 
disk drive in which high-reliability-izing of a magnetic disk is possible about a magnetic disk drive. 
[0002] 

[Description of the Prior Art] Generally in a magnetic disk drive, at least one magnetic-disk plate is 
used, and in order to prevent wear by the friction contact to the magnetic head in the front face of this 
magnetic-disk plate, fluid lubrication agents, such as a perphloro polyether (PFPE), are covered. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the fluid lubrication agent dispersed with the 
centrifugal force by revolution of a magnetic-disk plate, and had the problem that the thickness 
decreased gradually. It was accelerated according to the shearing force of the airstream which flows on a 
magnetic-disk plate front face, when the fluid lubrication agent became thin, the lubrication 
effectiveness of preventing wear by contact friction with the magnetic head will decrease, wear 
occurred, the information accumulated in the magnetic disk will often be lost, and extent of reduction 
had become a cause lacking in the dependability of equipment. 

[0004] The object of this invention is offering the magnetic disk drive which suppressed the effect by 
the shearing force of the airstream which flows on said magnetic-disk plate front face to the minimum. 
[0005] 

[Means for Solving the Problem] The magnetic disk drive by this invention is characterized by losing 
the airstream which flows to a magnetic-disk plate surface by making minute spacing with the plate 
inserted between the opposed faces of a magnetic-disk plate, i.e., a magnetic-disk plate, or between the 
wall of the top cover of a container, the wall of a lower lid, or the magnetic-disk plate. The spacing is 
called for per millimeter by the following formula. 
[0006] 
^Equation 2] 

[0007] It sets at this ceremony and is mn. It is the mole fraction of Gas n and is tn. The spacing 
multiplier of Gas n is named. This spacing multiplier changed with gases enclosed, and it turned out that 
they are air 1.0, helium 1.1, neon 1.7, an argon 1.2, a krypton 1.4, and a xenon 1.2. In addition, what is 
necessary is somewhat larger just than spacing which the magnetic head does not hit about the clearance 
between the magnetic-disk plate of the field where the magnetic head on a magnetic-disk plate surface 
works here, and the field which counters, i.e., the thickness of the magnetic head. 
[0008] Moreover, this invention is characterized by forming the slot which exceeds 0 times toward a 
disk hand of cut to the direction of inner circumference of a magnetic-disk plate, and makes the angle of 
inclination of 90 or less degrees in the wall of the top cover of a magnetic disk drive, the wall of a lower 
lid, or the front face of the insertion plate inserted between the magnetic-disk plate and the magnetic- 
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disk plate. 

[0009] Furthermore, this invention tends to stop scattering of a fluid lubrication agent by a fan etc. in a 
revolving shaft to the minimum by making the airstream which flows to the disk inside between 
opposed faces with a magnetic-disk substrate. 

[0010] In addition, some attempts which are going to make between plates small are indicated by 
devising the magnetic head about the miniaturization of a magnetic disk drive about between two or 
more magnetic-disk plates (for example, JP,61-9818,A, JP,62-185287,A). However, the precedent in 
which the value of between plates or a clearance was indicated is not seen from a viewpoint of scattering 
of the thing which indicated the value of between concrete plates or a clearance, or lubricant. 
[0011] 

[Function] Radial shearing force tau 0 of the airstream which acts on a fluid lubrication agent front face 
in the radius r location of a magnetic-disk plate It is expressed with (1) type when the consistency of nu 
and air is set [ the angular rate of rotation of a magnetic-disk plate ] to rho for the kinematic viscosity of 
omega and air. 
[0012] 

tauO = (omega3/2 rhonul/2 r)/2 (1) 

Shearing-force tau by airstream is the inclination over the distance Z of the direction of a revolving shaft 
of the rate V of the airstream which flows in the clearance between the fields which counter a magnetic- 
disk plate (the direction between plates), and is expressed like (2) types, tau in Z= 0 (namely, lubricating 
film agent front face) is tau 0. It corresponds. 
[0013] 
[Equation 3] 

t = aV/3Z (2) 

[0014] If tau follows, and scattering of a fluid lubrication agent arises [ V ] in a forward (direction which 
goes to the outside of a magnetic disk) case and V becomes zero, shearing force can serve as zero and 
can stop scattering of a fluid lubrication agent to the minimum. Moreover, if airstream is guided to the 
magnetic-disk inside, V will become negative and thickness reduction of the fluid lubrication film can 
do it still fewer. 

[0015] The airstream between between spacing of the rotating magnetic-disk plate and its opposed face, 
for example, a magnetic-disk plate, or a magnetic-disk plate, between top-cover walls and a magnetic- 
disk plate, and a lower lid wall flows toward a radial outside near the front face of the magnetic-disk 
plate 1 1, as shown in drawing 1 (A), and it usually flows toward the inside with the top-cover wall 24 or 
the lower lid wall 25 of near the core between magnetic-disk plates, or the magnetic-disk container 15. 
The velocity distribution of flow changes with Reynolds number R. If rotational Reynolds-number R 
sets spacing of the clearance 23 between 12 between the plates of a magnetic disk or a magnetic-disk 
plate, and a wall etc. to d R~omega d2 / nu (3) 

It is come out and expressed. The rate of flow V becomes close to zero, so that R is small (i.e., as shown 
in drawing 2 , so that spacing d is small), when omega and nu are set constant. Drawing 2 measures the 
air rate of flow in each spacing with a laser Doppler velocimeter here. Drawing 2 showed that the air 
rate of flow became [ spacing ] zero by 1mm or less. Although, as for spacing, the air rate of flow 
checked becoming zero to 0.1mm, since the air rate of flow is zero theoretically when between plates is 
0, also in spacing between 0 to 0. 1mm, it is continuously clear that the air rate's of flow it is zero. By 
making the above-mentioned air rate of flow into zero, thickness reduction of a fluid lubrication agent 
can serve as only effectiveness of floating to the magnetic-disk outside of the liquid by the centrifugal 
force, and thickness reduction can be made into min. 

[0016] In addition, when the gas from which the Reynolds numbers other than air differ by (3) types was 
used, between the plates with which a gas flow rate becomes zero as shown in a table 1 (distance 
between the maximum plates) changed. For example, in a neon gas ambient atmosphere, whenever 
[ between the plates when between the plates with which the air rate of flow becomes zero becoming 
large 1 .7 times, and using a big head / allowances ] spreads. If the viscosity of an effective gas is higher 
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than air compared with air, it is usable, but when corrosive, toxicity, and inflammability are taken into 
consideration practical, the gas shown in a table 1 is desirable, moreover, the gas a when each gas is 
mixed and Gas b ~ the mol of a - mixing ratio ra It is changeable like a degree type with a mixing ratio 
between [ d ] the plates with which the gas flow rate of the mixed gaseous mixture becomes zero. It is 
da, respectively about between the plates with which the independent rate of flow of Gas a and Gas b 
becomes zero. And db If it carries out ra =Ma/(Ma+Mb) (4) 
dO =k(ra nua+(l -ra) nub) =(ra da 2+(l -ra) db 2) 1/2 (5) 

They are Ma and Mb here. It is the number of mols of Gas a or Gas b, respectively, k is a constant 
(R/omega) (one half). 

[0017] Although the airstream which flows outside on a magnetic-disk front face as mentioned above 
accelerates thickness reduction of a fluid lubrication agent, on the other hand, the thickness reduction 
can be prevented by passing this airstream inside. [ whether the primary method inserts the insertion 
plate A30 with a slot between the magnetic-disk plate 1 1 and the top-cover wall 24, as shown in drawing 
3 , and ] Or by inserting the insertion plate B37 with a slot between magnetic-disk plates, or using the 
lower lid wall 3 1 with a slot for a lower lid wall Airstream 14 flows back within a magnetic-disk 
container on a magnetic-disk side by flowing inside and flowing outside out of a shaft 30 through a 
ventilating hole 38 between the insertion plate A30 with a slot, and the top-cover wall 24. the linear 
model to which the slot 39 of the insertion plates A and B with a slot used here or a lower lid wall with a 
slot has an angle of inclination theta 36 in a disk hand of cut to the direction 35 of disk inner 
circumference as shown in drawing 4 - or there are various gestalten, such as a spiral type from which 
an angle of inclination theta 36 changes to 0 times in [ 90 degrees outside ** to ] ** as shown in 
drawing 5 . Although thickness reduction of a fluid lubrication agent decreases since the rate of flow of 
the air which goes inside becomes large so that angle-of-inclination theta is less than 90 degrees and is 
large, in the case of the slot on the linear model, the limitation of angle-of-inclination theta is expressed 
with a degree type. 
[0018] 

Theta-tan -1 (Ri/Ro) (6) 

Ri and Ro are the radii and circumradii of a magnetic-disk plate here, respectively. Therefore, the 
greatest angle-of-inclination theta becomes 14.0, 17.1, and 14.7 degrees to 3.5, 2.5, or a 1.8 inches 
magnetic-disk plate, respectively. 

[0019] Moreover, it is the features that the slot of a spiral mold as shown in drawing 5 can change angle- 
of-inclination theta broadly to 0 to 90 degrees. 

[0020] Said slot 39 guides the airstream of the circumferencial direction by revolution of a magnetic- 
disk plate, and plays the role passed to the disk radial. Moreover, as shown in drawing 6 as deformation 
of an insertion plate with a slot, only as for the field where the magnetic head 16 works, the notching 
section 38 is formed and the notching section by the side of a disk hand of cut has an angle of inclination 
theta 36 in a disk hand of cut to the direction of disk inner circumference. This notching section makes 
thickness of an insertion plate with a slot thin, and the magnetic head can be prevented from hitting. 
[0021] Moreover, the 2nd method of passing airstream to an inner circumference side is possible also by 
forming a fan 32 in a shaft 28, as shown in drawing 7 and drawing 8 . If a magnetic-disk plate rotates by 
the motor 29, air will be discharged out of a shaft through a fan 32, and it will flow into a shaft 28 from 
a magnetic-disk side through a ventilating hole 38, and the airstream which flows inside a disk is formed 
in a magnetic-disk plate front face. In this case, although the slot established in the insertion plate A30 
with a slot, the insertion plate B37 with a slot, or the lower lid wall is not necessarily required, there is 
effectiveness of passing many airstreams inside more. Drawing 8 is drawing which saw the magnetic 
disk drive 10 from the upper part, when the insertion plate A39 which does not have a slot instead of the 
magnetic-disk plate 1 1 in drawing 7 and the insertion plate A30 with a slot formed between the top- 
cover walls 24 is formed. After airstream 14 flows between the insertion plate 39 and the magnetic-disk 
plates 1 1 inside according to a fan's 32 exhaust air operation, between the insertion plate A39 and the 
top-cover walls 24 is discharged outside through a fan. As for the fluid lubrication agent 19, thickness 
reduction is mitigated by the shearing force of the airstream to the inside. Although the relief 
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effectiveness is acquired by the slot of an insertion plate or a wall, it can be further enlarged by the fan. 
Since the fan 32 is being fixed to the shaft 28 as shown in drawing 9 , a shaft 28 and a fan 32 rotate to 
the hand of cut 33 of a magnetic disk, and the air within a shaft is discharged out of a shaft in connection 
with it. Since the pressure within a shaft falls, air flows into a shaft through a ventilating hole 38 from 
the exterior (between between magnetic-disk plates, a magnetic-disk plate, and an insertion plate, or 
clearance between a magnetic-disk plate and a lower lid wall). 

[0022] The magnetic-disk plate 1 1 is the magnetic-recording film which consists of a Co alloy as shown 
in drawing 1 (B), carbon, or Si02. The fluid lubrication agent 19 is covered on the substrate layer 20 
which consists of a protective coat etc. Although the fluid lubrication agent which makes representation 
the perphloro polyether shown below in a magnetic disk is generally used, any ingredients can be used 
for the fluid lubrication agent 19 if the lubricant used for the magnetic disk drive of this invention is a 
liquid in service temperature (usually - 10-80 degrees C) within the limits of magnetic disk drives, such 
as silicone oil, a hydrocarbon oil, fluorine carbonizing-ized hydrogen, a chlorinated hydrocarbon, 
fluorine and chlorinated hydrocarbons, or these functional-group denaturation derivatives. 
[0023] 

[Example] Next, the example of this invention is explained 

[0024] (Example 1) As lubricant 19 as shown in drawing 1 (B), drawing 10 The number average 
molecular weight 2000 and 4000 shown with the molecular formula shown below, Or lubricant 
HOHwhich consists of hydroxyl-group denaturation PFPE of 100002 CF2 C[OCF2] p [OCtwo F4] q 
OCF2 CH2 OH is covered on the substrate layer 20 which consists of carbon film by the sputtering 
method of the magnetic-disk plate 1 1 . However, kinematic viscosity is changed by changing the 
molecular weight or temperature of lubricant into the range of 0. 1, 1, 10, 100 and 1000, and lOOOOcSt. 
Moreover, thickness is changed with 0.6, 1.0, 2.0, 5.0, 10.0, and 50.0,100.0 nm. 12 between plates as 
show time amount change of the lubricant thickness at the time of making it rotate at the rotational 
frequency of lOOOrpm to lOOOOrpm in air to drawing 1 , or a clearance 23 is made into a parameter, and 
is shown. When between plates is 1mm or less, the thickness downward tendency of lubricant is the 
same as the value measured in the 10 to 3-torr vacuum, and drawing showed that there was no effect of 
the shearing force of air. In addition, it turns out that thickness reduction is accelerated between plates or 
for a clearance by 1mm or more. The normalization time amount T expressed with an axis of abscissa is 
T=t/(3nuL/H0 2 omega2), when it is kinematic viscosity nuL of the drum test time amount t and 
lubricant, the initial thickness HO, and angular velocity omega. (7) 

It is come out and expressed. Moreover, normalization thickness HN expressed to an axis of ordinate 
When it is Thickness H, it is HN =H/H0. (8) 

It is come out and expressed. Therefore, since all of the viscosity of lubricant, a rotational frequency, 
and thickness are standardized, a difference does not appear in drawing 10 . Moreover, as an index 
showing thickness change of the fluid lubrication agent by revolution of a magnetic disk, when the 
normalization thickness (the rate of thickness preservation is called below) in normalization time 
amount 0.3 is chosen, it turns out between plates like drawing 1 1 that the rate of thickness preservation 
becomes 0.72 and max by 1mm or less. 

[0025] (Example 2) When between the plates with which the rate of thickness preservation becomes 
max using those mixed gas, or a clearance was investigated using the various gas indicated with a table 
1, it was in agreement with a table 1. moreover, the mixed gas of each combination of the various gas 
shown with a table 1 — a mol — a mixing ratio 0.2, 0.4, and 0. — when it was made to change with 6 or 
0.8, it was in agreement between the plates given by count of (4) types, or with a clearance. 
[0026] (Example 3) When the rate of thickness preservation of a fluid lubrication agent was investigated 
using the insertion plate A30 with a slot as shown in drawing 3 , the insertion plate B37 with a slot, and 
the magnetic disk drive 10 possessing an air hole 38, it turned out that the rate of thickness preservation 
becomes large further compared with the magnetic disk drive which set between the plates of a 
maximum of 0.90 and drawing 1 , or the amount of clearances to 1mm or less. In addition, the shape of a 
quirk prepared in the insertion plate A with a slot used here and the insertion plate B with a slot is a 
spiral slot shown in the straight-line slot or drawing 5 shown in drawing 4 . Angle-of-inclination theta of 
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this slot and the relation of the rate of thickness preservation are shown in drawing 12 . It turns out that 
the rate of thickness preservation becomes good, so that theta is large. In addition, angle-of-inclination 
theta of a spiral slot shows the value in the outermost part of an insertion plate with a slot. Moreover, 
also in the open beam magnetic disk drive, the result as drawing 12 with the same relation between an 
angle of inclination theta 36 and the rate of thickness preservation was obtained in the clearance to the 
field to which the magnetic head as shown in drawing 6 works. 

[0027] (Example 4) Using the magnetic disk drive 10 which has the fan 32 as shows drawing 7 , when 

the rate of thickness preservation was measured, there was no thickness reduction 1.0. 

[0028] (Example 5) In the magnetic disk drive which combined the insertion plate A39 without the fan 

32 as shows drawing 8 , and a slot, it turned out that the rate of thickness preservation has a fan's 32 

effectiveness by 0.85. 

[0029] 

[Effect of the Invention] As mentioned above, in an air ambient atmosphere, thickness reduction of the 
lubricant by revolution of a magnetic-disk plate can be pressed down to the minimum by making 
spacing with between spacing of a magnetic-disk plate and the field which counters, for example, a 
magnetic-disk plate, or a magnetic-disk plate, an insertion plate or a magnetic-disk plate, a top-cover 
wall, or a lower lid wall into 1mm or less. Moreover, it turned out that the clearance where thickness 
reduction becomes min can be enlarged in gases, such as helium enclosed into a magnetic disk drive, a 
xenon, an argon, a krypton, or neon, or those gaseous mixtures. 

[0030] Furthermore, 0 times was able to be exceeded to the insertion plate, the top-cover wall, or the 
lower lid wall, and thickness reduction was able to be further lessened by preparing the slot which has 
the angle of inclination of 90 or less degrees. 

[003 1] Thickness reduction was able to be further lessened by furthermore preparing a fan in a shaft. 



[Translation done.] 



http://www4.ipdl j po. go.j p/cgi-bin/tran_web_cgi_ejj e 



8/17/04 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic disk drive which consists of at least one magnetic-disk plate, the magnetic 
head for performing record and playback, and a container that encloses these, the inside of said container 
is an air ambient atmosphere, inert gas ambient atmospheres, or those mixed ambient atmospheres, and 
at least one of each of the spacing with an opposed face with said magnetic-disk substrate is [Equation 

2 1 a Xiiin : mm) 

(Setting mn and the spacing multiplier of Gas n to tn for the mole fraction of Gas n, t is air 1 .0, helium 
1.1, neon 1.7, an argon 1.2, a krypton 1.4, and a xenon 1.2) The magnetic disk drive characterized by 
being the following and the clearance between the magnetic-disk plate of the field where the magnetic 
head on a magnetic-disk plate surface works, and the field which counters being spacing which the 
magnetic head does not hit. 

[Claim 2] The magnetic disk drive characterized by establishing the slot which exceeds 0 times toward a 
disk hand of cut to the direction of inner circumference of a magnetic disk, and makes the angle of 
inclination of 90 or less degrees in said magnetic-disk plate and the quiescence side which counters in 
the magnetic disk drive which consists of at least one magnetic-disk plate, the magnetic head for 
performing record and playback, and a container that encloses these. 

[Claim 3] The magnetic disk drive characterized by having the means which makes the airstream which 
flows inside between said magnetic-disk substrates and opposed faces in the magnetic disk drive which 
consists of at least one magnetic-disk plate, the magnetic head for performing record and playback, and 
a container that encloses these. 

[Claim 4] The magnetic disk drive according to claim 3 characterized by being what the means which 
makes the airstream which flows inside depends on the fan prepared in the revolving shaft of a 
magnetic-disk plate. 



[Translation done ] 
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